The Idaho National Engineering and Environmental Laboratory (INEEL) has developed a calibrated vapor generator, which delivers reproducible vapor aliquots of a standard in the picogram to low nanogram range. The basic system design includes a) a reservoir that contains the target analyte, b) a head, which contains the equipment (valves, filters, transducers) necessary to use the reservoir, and c) a controller assembly that contains the CPU, pump, and air filtering system. Figure 1 shows the basic system. The reservoir consists of a known quantity of target or analyte material (i.e., explosive, narcotic, etc.) dissolved in a solvent and deposited on an inert substrate (e.g., glass wool, stainless steel beads, etc.), which is located in a stainless steel block. The reservoir temperature is controlled via thermal electric cooler to generate a level of saturation of the target analyte in the reservoir. Each reservoir contains only a single target analyte; therefore, each analyte has its own complete head.
The controller houses a small computer that performs all of the control functions. Also included in the controller are the power supplies, an air pump, a pressure regulator, air filters, flow controllers, and displays.
Operation
The INEEL portable vapor generator can be operated in either the automatic or manual modes.
The vapor generator controls the operating variables for temperature, air flow, and pulse width (sec.). In the manual mode, each of these variables can be set independently for operation. The automatic mode uses the results from a programmed calibration of the vapor generator for the computer to automatically control the variables to give the desired mass output of target analyte vapor. The desired output is entered in picograms, and the computer sets the temperature, flow, and pulse width from a calibration program curve for each type of vapor target analyte and head.
The system can be converted to the continuous flow mode by a manual three-way valve. Head PSI (LCD)
Output:
An analog or digital output for data acquisition system to allow diagnostics
Operation Options:
Entry of mass output (picograms)
Starting sequence from the vapor generator head or the controller unit
Manual or automatic operation modes
Pulsed or continuous flow
Vapor Generator Head:
Maximum temperature on outside surface -49 "C Weight -5 lbs.
Size -maximum 6W'x 12"x 6"; shipping box (three head capacity) 24"x 15"x lo"
Receiving and Checkout

Receiving Inspection
Step 1 Upon receipt of the vapor generator, perform the following inspections:
1) 2)
Inspect the head and controller shipping cases for physical damage
Open the cases and inspect the control panels, for damage
3)
Remove the heads and inspect for damage
4)
Check to see if all components are included; shipping container, controller, one control cable with two air hoses, three vapor generator heads, and three outlet nozzles (one for each head).
Step 2 If damage is evident, notify the carrier and shipper with a description and ask for advice on returning the instrument for repair.
Step 3 Remove any packing materials and save for reshipment.
Setup
Step 1 Open the controller shipping case and remove the control cable with the two air lines and the 110 power cord.
Step Step 3 Attach the black connector to black quick disconnect for tip air flow. Attach the two air lines to the quick disconnect fittings on the Clean Air Supply Unit panel, see Figure 5 .
Step 4 Attach unmarked connector to unmarked quick disconnect for the reservoir flow.
Step 5 Step 6 Remove the threaded plug from the vapor generator head outlet and place in a clean plastic bag. Install the outlet tip to the head by screwing the tip into the outlet of the vapor generator head (Vitron O-ring must be in place on tip). Tighten just snug (Caution: Do not over tighten).
Step 7 Connect the 28-pin control cable to the vapor generator head.
Step 8 Connect the two air lines to the vapor generator head. Attach the black connector to black quick disconnect for the tip flow and unmarked connector to unmarked quick disconnect for the reservoir flow.
Step 9 If external supply is used, hook up external supply line to external supply fitting.
Step 10 Adjust tip flow to desired flow as indicated using an external flow meter.
Operating Instructions
The INEEL Portable Vapor Generator can be operated in either an automatic or manual mode. Operation in the automatic mode uses the computer to set and control the temperature, the flow, and the pulse time to output the desired mass. The resulting pulse is based on the results of the internal system calibration program; the operator only needs to input the desired mass outpt in picograms.
In the manual mode, the operator must determine the mass output of the vapor generator head. It is recommended that an independent measurement of mass delivered be pelformed for the manual mode.
Air Supply Checkout
Prior to entering either the automatic or manual modes, the air supply system should be checked for leaks. This is accomplished by checking the flowmeter under no flow conditions using the following procedure:
Step 1 Turn on the 110 volt power supply, see Figure 5 and wait for the main menu to appear on the screen of the CPU control unit.
Step 2 Select the manual mode of operation from the main menu display by pressing 1, see Figure  6 .
Step 3 Using the next screens in the manual mode set the flow, temperature, and pulse time as follows:
The first screen in the manual mode is used to set L1e flow and is called the flow screen. Enter the flow as 200 ccm. Press the # key to accept the setting (if the # key is not pressed the setting reverts back to the default setting) and then A to advance to the next screen.
B
The second screen in the manual mode sets the temperature. Enter the temperature for the substance in the reservoir: a) RDX -5loC, b) PETN -48OC, or c) TNT -13OC. Press the #key to accept the setting and then A to advance to the pulse time screen.
The third screen in the manual mode sets the time the flow is passed through the reservoir or the pulse time. For this checkout, the pulse time is used by entering 999, then pressing the # key to accept the setting, and then A to advance to the next screen.
Step 4 The screen will now appear. During the initial energizing of the system, a pause is built into the system,
Step 5 Next is the auto zero screen. Verify that the flow is within 0 & 3 ccm and then press A. If flow is not within the specified range, check for air leaks and repeat steps 3.1.1 through 3.1.5.
Step 6 Press A after the auto zero to start the air supply pump. At this time, verify that the pressure on the pressure gauge is between 10 to 15 psi and then adjust the flow to 200 1 ccm using the flow adjustment knob ( Figure 5 ). Flow should be adjusted to within +1 ccm of the setpoint before a pulse can be made.
Step 7 When the flow is set, lock the flow adjustment and press A to advance to the run screen.
Step 8 Disconnect both air hoses at the Clean Air Supply Unit ( Figure 5) . The connector has a check valve which allows the air supply system to be checked for air leaks. If the flow does not drop to 0-3 ccm, a leak is present. See Section 5.0 for troubleshooting procedures and begin the Air Supply Checkout procedure again.
Step 9 Reconnect the air supply hoses at the CPU control unit and disconnect both hoses at the head. After allowing the process to stabilize, the flow reading should be <3 ccm. If the flow is not c3 ccm, see Section 5.0 for troubleshooting procedures and begin the Air Supply Checkout procedure again.
Step 10 Reconnect the air supply hoses to the head.
Step 11 The following steps shall be performed either in a hood or in a plastic bag to trap the vapors: a) plug the reservoir outlet with clean tin foil and the shipping plug, b)
initiate flow from the run screen by pressing B, c) wait 20 seconds and then decrease the system pressure by turning the pressure control knob three turns counter-clockwise, d) record the pressure and then wait 10 minutes and record the pressure again. The end pressure should be >8 psig. If the pressure is >8 psig, the air supply system is working properly. (If the pressure is e8 psig, troubleshoot per Section 5.0.)
Step 12 Unplug the reservoir outlet and press C to clear the air valve.
Automatic Mode Operation
Automatic mode is the calibrated mode of the vapor generator. All temperatures and flows are set and controlled by the computer. The following describes the operational procedure for the automatic mode:
Step 1 Turn on the 1 10 AC power switch (Figure 5 ).
Step 2 Select automatic mode from the display by pressing 0 at the main menu ( Figure 6) ; the screen will appear after a short pause allowing the system to stabilize.
Step 3 At the auto zero screen, verify that the flow is <3 ccm and then press A. Pressing A after the auto zero starts the pump. (If flow is not <3 ccm, go to Section 3.1, Air Supply Checkout.)
Step 4 Verify that the pressure is between 10 and 15 psi and then adjust flow using the flow adjustment knob to within 3 ccm of the setpoint (normally 200 ccm).
Step 5 When the flow is set, press A to advance to the Set Pulse Mass screen.
Step 6 Set the mass by keying in the number of picograms desired in each delivered pulse, press the # key, and then press A to advance to the run screen.
Step 7 To start a pulse, press B or the push button on the head (Figure 2 ). Pulses can be repeated; however, there is a set delay of at least 10 seconds between pulses. Any pulse can be stopped by pressing C. After an automatic pulse is completed, the display screen will display vapor generator flow, time, picograms, and temperature variables.
Step 8 To shut down from the automatic mode, use the power on/off switch ( Figure 5) . The system can be shut downfrom any menu.
Manual Mode Operation
Manual mode is used for special cases, e.g. continuous flow. It should be noted that the calibration is not valid for manual operation. The procedure for manual flow is as follows:
Step 1 Turn on master switch (Figure 5) .
Step 2 Select manual mode operation from the main menu by pressing 1 (Figure 6 ).
Step 3 The next screens set flow, temperature, and pulse time as follows:
A)
The first screen sets the air flow. Enter the desired flow if different from the default flow (The default flow is obtained from the calibration). Press the # key to enter the new flow setting and then A to advance to the next screen.
B)
The next screen sets the temperature. Enter the desired temperature. Press the # key to enter the new setting and then A to advance to the pulse time screen.
C)
The pulse time screen allows one to select the length of time of air flow or can be set to operate in the continuous flow mode as follows:
-If the "pulse/continuous" head is used, and continuous flow is desired, switch designator knob to Continuous setting. To operate in pulse mode, turn switch to Pulse setting.
-For older style heads, enter the desired pulse time. Once the time is entered, press the # key and then A to advance to the next screen.
Step 4 The screen will now appear and will perform the initial stabilizing of the system. The system must stabilize before the next screen will appear (a pause will occur).
Step 5 Next, the flow auto zeroing screen appears. This screen determines the flow offset so that the computer can use the results for zeroing the meter. This operation is done automatically by the system. Verify that the flow is 0 & .1 units and then press A.
Step 6 Pressing A after the auto zero starts the pump. At this time, verify that the pressure is between 10 to 15 psi and then adjust the flow using the flow adjustment knob, see Figure   5 . Flow must be adjusted to within 1 ccm of the set point before a pulse can be made. When the flow is set, press A to advance to the run screen.
Step 7 All pulses are made from the run screen. Prior to making any pulse, verify that the flow is correct. To start a pulse, press B or the push button on the head handle (Figure 2) . Any pulse can be stopped by pressing C.
Step 8 To check or change the setpoints, press D, which returns you to the initial menu to repeat the sequence (starting with Step 3.3.2 ).
Step 9 
Maintenance
The following should be performed for normal maintenance of the vapor generator:
Replace the Drierite/l4x molecular sieve when the color indicator turns pink.
Replace the activated charcoal filter in the control assembly case after 100 hours of operation.
Cleaniwipe surfaces weekly, tighten screws and check cords and air lines approximately every two months.
Bake boundary layer tip at least once per week, or as needed. (NOTE: Do not use solvents to clean.)
Troubleshooting
Air Leak
If an air leak is suspected, check quick-disconnect and all Swagelok nuts for tightness. If nuts are securehght, and flow still does not drop to 0-3 ccm, contact the Principal Technician at the number listed below.
Flow Reading
If flow reading is not less than 3 ccm, check for cord/& line damage, or check quick-disconnect stems and bodies to ensure check valve is operating correctly (not stuck). If problems persist, contact the principal Technician at the number listed below. 
Head Pressure
